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The UK has been one of the most advanced countries in Europe for the demonstration of electric 
vehicles (EV) and the introduction of the supporting recharging infrastructure. Much of the UK’s 
early-to-market EV recharging estate was created and operated under public subsidy. However, 
subsidies for operation of this infrastructure are now coming to an end, which is likely to affect EV 
drivers’ recharging behaviour. As public funding ceases the infrastructure owners must find other 
ways to cover the on-going costs of operation and to recover the capital investments made, in order 
to provide a continuing service to EV drivers. This paper gives an overview of the findings from the 
UK and comments on early changes in recharging behaviour resulting from reduction in subsidies. 
 
1. INTRODUCTION 
The UK government is encouraging Ultra Low Emission Vehicle (ULEV) adoption through a number of 
incentives operated by its Office for Low Emission Vehicles (OLEV). This includes a range of vehicle 
incentives for plug-in cars[1], vans[2], and public fleets designed to encourage the up-take of low-
carbon vehicles.  The UK government also considers the availability of public charge points as 
necessary to encourage the uptake of plug-in ULEVs, which led to the creation of its Plugged In 
Places (PIP)[3] infrastructure subsidy programme in 2010. The PIP programme installed 6,483 charge 
points in 8 regions of the UK with the specific objectives of investigating different recharging 
strategies, evaluating recharging technologies, investigating user behaviour and advancing common 
standards.  The results from the PIP programme were used to inform the government’s ULEV 
strategy entitled “Driving the Future Today”[4] released in Sept 2013.  This includes the fundamental 
requirements for providing plug-in vehicle recharging infrastructure and the importance of public 
recharging facilities to EV buyers. 
This is the classic “Chicken and Egg” conundrum.  Recharging infrastructure is required to enable 
drivers to consider buying EVs rather than conventional Internal Combustion Engine (ICE) vehicles. 
Consumers require the comfort of knowing they can recharge if and when required, even if they 
subsequently don’t often use the public facilities provided to meet those perceived needs .  
Recharging infrastructure falls outside of the EV manufacturers’ traditional area of activity, creating 
a debate about who is responsible for recharging provision and ownership .   
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A continuing longitudinal  review of the North East England PIP (NE PIP) case study has been used as 
the basis for this paper.   The discussion has been further informed by information from the ESB 
eCars programme[5] and early findings from the Rapid Charge Network (RCN) project’s[6] national 
study of the use of rapid charging infrastructure located along major highways of the UK and Ireland.  
 
RCN is a European funded TEN-T project assessing the creation, use and business feasibility of a 
multi-standard, interoperable network of EV rapid charge points linking the UK with Ireland. The 
project is being delivered by a consortium of four major EV manufacturers Nissan, BMW, Renault 
and VW, complemented by the latest knowledge of network operation experts from the UK’s 
Ecotricity Electric Highway[7] and Ireland’s ESB ecars. 
 
The paper will present and discuss the current ongoing research to consider what alternative 
business models could be brought to the sector to deliver a long term sustainable business model for 
the future roll-out of critical EV infrastructure. 
 
2 METHODOLOGY 
2.1 ULEV adoption in the UK  
 
The initialearly forecasts of likely EV sales, which have informed early recharging infrastructure 
provision, are an important factor in the infrastructure debate. These estimates influence business 
models for on-going operation and for increasingany additional provision. Since the demand for 
recharging services is driven by the uptake of plug-in ULEV, the actual ULEV sales figures in the UK 
and Ireland have been monitored since 2010, in order to understand market growth and potential 
demand for recharging.    
2.2 The NE Plugged in Places (PIP) project 
North East (NE) England’s PIP project (NE PIP) created an integrated and seamless recharging 
network for EVs spanning a region of 8,600 km2 between April 2010 and June 2013. This recharging 
infrastructure enableds EV journeys to become feasible across the region and into neighbouring 
regions in the UK, Scotland and Europe.  The project installed 1,163 charge points in public places, 
workplaces and in the homes of EV drivers across the region.   The NE PIP public access and 
workplace charge points were operated by a subsidised recharging network, the funding for which 
ended in June 2013.   
Detailed information from NE PIP was used to understand the existing chargepoint estate in NE 
England, its distribution and ownership, its capability and capacity, and the way it has been used to 
date.  Usage data will continue to be analysed to understand ongoing recharging behaviour until at 
least 2016 to capture changes in behaviour now that subsidies have enedde and hosts are now able 
to charge for the recharging event.  , since behaviour until 2013 was influenced by incentives which 
are now ceasing. TThis information will also be used to model likely future demand.   
Both the creation and the operation of the NE PIP’s public and workplace recharging estate was part-
funded until June 2013. 
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The recharging estate includes a combination of 3, 7 and 22 kW AC charge points, and the NE was 
the first UK area to create a regional network of 50 kW DC rapid charge points which enable EVs to 
be recharged to 80% of SoC in just 30 minutes. 12 rapid chargers were installed at key staging points 
across the region to enable longer EV journeys and to provide added confidence to EV drivers. 
Potential hosts were attracted to have charge points installed on their property by various levels of 
grant incentives covering equipment and installation costs. Charge points have consequently been 
installed in locations in accordance with demand from interested hosts. In exchange for this grant 
funding, each host provided free electricity and free parking to EV drivers during the three year trial 
period, which ended in June 2013.  The charge point hosts now own the NE’s EV recharging 
infrastructure which forms the NE recharging estate. All publically accessible charge points were 
operated by a single network operator, Charge Your Car (CYC)[8]. CYC was funded to provide access 
to the entire NE recharging estate, as well as to provide customer service and charge point 
information via a live availability map on a dedicated website.  EV drivers joined the NE PIP’s CYC 
membership scheme at a cost of £100 per year or £10 per month, in order to receive free electricity 
and parking whilst recharging, access to the website to plan their journeys and their own recharging 
records.  In addition to this public and workplace infrastructure, the project also installed over 400 
domestic chargers with captive cables for EV drivers in the region to use in their own home 
environment. 
2.3 The Rapid Charging Network (RCN) project 
Early data from the RCN project is also being used to investigate the characteristics of rapid charging 
behaviour in more depth, in order to understand its role in the business model for public 
chargepoint provision. 
RCN’s strategic purpose is to accelerate the introduction of EV Rapid Charging by studying adoption 
and use along over 1,100 km of TEN-T defined Priority Road Axes running between the North and 
South, East and West of the UK and into Ireland.   The RCN Project aims to install up to 74 multi-
standard rapid chargers, each equipped with 3 charging outlets, and then to study their operation 
and use until the end of 2015.  The multi-standard rapid chargers incorporate the 44 kW DC 
Chademo and Combo, and 43 kW AC rapid charging protocols into 1 charging unit, which can 
recharge all standardised EVs to 80% of full battery capacity in 30 minutes. The chargers are located 
at motorway service stations and major retail facilities along the main highways, and will link 
through major air and seaports to multi-modal transport solutions.  The rapid chargers are operated 
free of charge to EV drivers at least until the end of 2015 under Ecotricity’s Electric Highway network 
in the UK and ESB’s eCars network in Ireland (although the data presented here in this paper focuses 
on the UK uptake). 
RCN is supporting the European Union towards its goal for the de-carbonization of transport and 
contributing to the target of a 60% reduction of CO2 emissions from transport by 2050. Both cross-
border and multi-modal transport solutions are also a key feature of this project. RCN is made up of 
a seven activity areas, the results of which will inform a strategy document and lessons learnt to be 
shared with towns, cities and countries across Europe to support the development of similar EV 
charging networks a.   
 
3 RESULTS 
3.1 UK ULEV adoption 
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The UK government has stated that its objective is to see a UK car fleet with effectively zero 
emissions by 2050.  
UK government statistics[9] show that 26,247 ULEV’s had been registered in the UK by Sept 2014, 
representing 42% growth in the sector since March 2010.  Quarter 3 2014 (July to September) 
showed a 22% quarterly increase in ULEV adoption, suggesting that the market is now in a high 
growth phase.  This has been driven both by government incentives and the growing mix of 
attractive ULEV models available for sale in the UK.  Growth is illustrated in Figure 1. 
 
 
 
Figure 1: Uptake of Plug in Vehicles in UK to Q1 2015. 
 In 2015 the number of ULEVs double again with 28,188 ULEV’s eligible for plug in car grant in the 
calendar year 2015. 
923 of these ULEV are registered in the NE region. However, NE PIP data tells us that additional 
ULEVs are in use through employee lease schemes in the region but these were registered in other 
regions under lease operators’ addresses.  For example, an additional 312 LEAF were in use by 
Nissan employees in Oct 2014 in North East England. The combined total makes the region the third 
highest user of ULEV per head of population in the UK.  This is an important finding since the region 
also has the lowest GVA per head of population in the UK and the lowest spend on transport. 
3.2 NE PIP 
Analysis of NE PIP usage data suggests that both the location and equipment type of chargepoints 
appears to drive recharging behaviour, which makes both them important factors in the business 
model. NE PIP data has been reviewed to understand the composition of chargepoints within the 
estate, both by location and equipment type, as shown in figures 2 and 3 below. 
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Figure 2:  Composition of NE PIP chargepoint estate by location type. 
 
  
 
 
Figure 3: Composition of NE PIP estate by equipment and location types. 
 
Standard equipment delivers 3 or 7 kW of power.  Rapid chargers deliver 22 kW AC or 50 kW DC 
power, recharging an EV in a much shorter time, which suggests that they may be more attractive to 
EV drivers and therefore a more vauable component of the estate than standard chargers.  Standard 
chargers are much cheaper to buy and install but take much longer to charge an EV. Standard 
chargers make up the majority of the public estate (94%) with 25 rapid chargers providing  only a 
small part of the public provision (6%).  All workplace and home chargers are standard equipment 
and are not available for use by the general public.  
Usage data from the NE PIP shows that the estate of 737 public and workplace chargers has 
delivered 81,594 recharging transactions and over 589 MWh of energy to EV drivers up to the end of 
December 2014. This provides insight into the historic recharging demand from EV drivers in the 
region. Analysis suggests that rapid chargers are used more frequently and deliver more energy per 
recharging transaction than standard chargers, suggesting they are a more valuable component of 
the estate. The proportion of transactions broken down by location category and energy delivered is 
shown in Figure 4 and Figure 5 respectively., and the energy delivered is displayed in Figure 5. 
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Figure 4 – Transactions delivered by NE PIP chargepoint estate to Dec 2014. 
 
 
 Figure 5 – Energy delivered by NE PIP chargepoint estate to Dec 2014. 
 
The rapid chargers delivered a much higher proportion of the transactions (15%) and total energy 
(16%) than their composition proportion suggests (2% ). Conversely, the public standard 
chargepoints delivered a lower proportion of the total transactions (43%) and energy (35%) 
compared to their composition within the public and workplace estate (55%). Therefore there is a 
risk that EV drivers will not use an estate made up largely of standard chargers and chargepoint 
owners will therefore not be able to make a return on their investment. This suggests that EV 
owners would much prefer to use rapid chargers f they are available and that there may be a risk in 
operators investing in standard v charging infrastructure as it may not be used and RoI not achieved. 
 
Usage patterns also differ throughout the week. Initial analysis indicates that recharging events on 
standard workplace chargepoints fell by 75% at the weekend, and by 40% on standard  public 
chargers.  However recharging events on rapid chargers remained relatively constant, only falling by 
17% at the weekend . Secondly, the energy transferred per charge event differs between the 
different chargepoint location types, for example, public standard chargers deliver a lower average 
energy per transaction than workplace based equivalents as shown in figure 5 below.   
Since the number of recharging transactions and the energy delivered by them indicate the demand 
for charge point use, forecasts for future public charge point use have been reached by fitting linear 
trends to the historical data.   
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3.3 Rapid Charging Networks (RCN) Project 
This study builds upon extensive research conducted by Newcastle University’s Transport Operations 
Research Group since 2010 investigating EV driving and charging behaviour [8-10]. These results are 
based upon the RCN technical reports produced.  
3.3.1 Network Use 
The following section gives an overview of the use of the RCN network. In total, RCN chargers have 
delivered 241 MWh of energy between July 2014 and September 2015. More than 97% of that 
energy relates to UK site, where the majority of the chargers are installed. 
 
Figure 6 shows the total energy delivered every month per site. Irrespective of new sites added each 
month, the graph shows that the energy drawn from the network has been growing. 
 
 Figure 6: Monthly energy demand per RCN site. Horizontal line is the aggregated average for all 
sites. 
With respect to individual sites, Figure 7 gives an indication of the variation seen in terms of energy 
delivered by each of the sites in the network. The horizontal line represents the global monthly 
demand aggregated across all the sites (625 kWh/month). There are a considerable amount of sites 
performing better than average and this performance seems to be unrelated to the date when 
chargers were first installed.  This type of analysis allows us to identify the sites where more energy 
is transferred and, hence, prioritise the installation of additional rapid chargers in these popular 
locations.  
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Figure 7:  Variation in monthly energy demand across RCN sites.  
The charging network dataset has also been used to investigate who is using the infrastructure. As 
shown with the Pareto chart in Figure 8, the distribution of the customers is rather asymmetric with 
around 80% of the transactions being undertaken by around 30% of the users.  
  
Figure 8: Most prolific users of the network 
 
3.3.2 Driving and charging behaviour 
OEM vehicle and EV logger data has been used to capture changes in driving behaviour. The 
distribution of daily aggregated trips from the EV data loggers is positively skewed, with a median of 
51.8 km during the 6 month period considered. The distribution also shows a substantial number of 
long trips (over 100 miles or approximately 150 km) which require multiple recharging events over 
the day. A handful of those daily trips are over very long distances (above 300 km) as shown in 
Figure 9. 
We have also made use of data provided by the vehicle manufacturers to study the relationship that 
may exist between rapid charging infrastructure and vehicle use. The most significant finding in this 
respect is shown in Figure 5, which displays the relationship between the number of rapid charging 
events and the cumulative distance driven by a cohort of 985 Nissan Leaf drivers between 2013 and 
July 2014. The solid line is an estimate of the mean distance driven as a function of the amount of 
rapid chargers whereas the two surrounding dashed lines are 95% confidence bands for that mean. 
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As it can be appreciated, the relationship is very strong and associates high vehicle usage with high 
use of the rapid charging infrastructure.  
 
 Figure 9: Total distance versus total number of rapid charging events (Nissan drivers: 2013-July 
2014). 
Further evidence in this regard is presented in Figure 10 for a Renault driver. Unlike the previous 
graph, the cumulative monthly distance is plotted on the y-axis.  
  
Figure 10: Distance travelled versus the number of rapid chargers (Renault driver: April 2013-July 
2015) Prediction from a linear model superimposed as a dashed line. 
It is clear that there is a strong positive correlation between the number of times the driver has 
rapid-charged and the monthly distance covered. In particular, the driver has been recorded to 
travel for up to 4000 km in a single month. Relationships of this type have also been seen in other 
drivers of similar characteristics. 
 
4. BUSINESS CASE FEASIBILITY 
4.1 What users want 
EV drivers’ demands for public recharging infrastructure are based on cost, ease of use and location. 
The additional services provided such as free parking have been a key determinant in NE charge 
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point and RCN project usage to date. The available capacity and reliability of charge points will also 
become increasingly important as EV volumes increase and in certain locations with dense EV 
populations this has already become a problem.  An increased provision of rapid charge points 
would help resolve this problem but this incurs high up-front costs and higher electricity costs as it 
encourages greater use. 
It is clear that any further uptake of EV’s must be accompanied by an corresponding uptake in 
charging infrastructure, almost as a ‘comfort blanket’ for EV owners (whether they will use this 
regularly or not. 
4.2 Evidence from North East PiP  
Currently there is no feasible, purely economic business model for the provision of public recharging 
infrastructure in the NE. The current demand for public recharging transactions from EV drivers is 
not high enough to fully cover the economic costs of capital, installation, operation and 
maintenance. The actual uptake of EVs and therefore demand for recharging transactions has been 
lower than the predictions made in 2010, affecting the early business models envisaged for on-going 
operation and increasing provision. The consequence is that NE charge point owners are continuing 
to financially support the costs of operation of recharging infrastructure and cannot yet foresee an 
acceptable conventional business model . 
The charge point owner is now at the centre of a system of infrastructure which is seen as essential 
by many stakeholders such as government, environmental bodies and EV drivers, and they are 
expected to at least maintain the current level of supply.  However, the expectations and business 
assumptions upon which NE hosts made the decision to adopt charge points, have not materialised.   
NE charge point owners are a diverse group of organisations who have decided to provide 
recharging infrastructure for a variety of political, economic, social and environmental reasons.  Peer 
pressure is also a relevant factor in the region because of the high profile role the NE has played in 
low carbon vehicle development to date. The NE’s early-to-market EV recharging estate was created 
and operated under public subsidy, in order to seed the marketplace for further EV and recharging 
equipment adoption. The availability of NE PIP grant funding towards purchase and installation costs 
heavily influenced hosts decisions to adopt charge points.  These grants have now ended so one 
hypothesis is that provision will not increase further without new government subsidies being 
introduced. The NE PIP project also paid all system operating costs until June 2013, so charge point 
owners were therefore shielded from the true costs of operation. The result is that NE charge point 
owners have adopted recharging infrastructure without being fully aware of the long-term costs of 
operation.   
As public subsidies decline, the infrastructure owners must find other ways to cover the on-going 
costs of operation and to recover the capital investments made, in order to provide a continuing 
service to EV drivers.  Lessons can be learnt however from the deployment of a comprehensive rapid 
charging network as evidenced from the RCN project. 
4.3 Evidence from the RCN Project 
The question the project has addressed is whether a proposed capital investment in rapid-charging 
infrastructure and its associated operating costs can be recovered over time in addition to making a 
capital return which is sufficiently attractive for a prospective investor. The scope of this study is 
limited to the equipment, installation and running costs of multi-standard rapid chargers as installed 
in RCN.  The only revenue considered is that coming from a sale of the recharging service to EV 
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drivers. The conclusions are based on the actual costs incurred using a sample of 64 sites in the UK 
where rapid chargers were installed during the second half of 2014 and the first half of 2015.  
Actual costs of setting up and operating the RCN chargers have been used as the basis of a financial 
business model. These include costs for equipment, civil and electrical installation works, new power 
supplies, commissioning, installation programme management, planning and permissions, 
electricity, rent, back office operation and routine maintenance services. The majority of these are 
fixed costs which do not vary with the transactions supplied. A number of assumptions have also 
been required to facilitate the model such as investment horizon, salvage value, energy costs, 
growth rates, discount and inflation rates. As a modelling assumption, charging events have been set 
to grow at 15% annually, in line with the growth seen in RCN. The model developed is flexible, 
enabling investigation of the sensitivity of any profitability measures to the pricing strategy adopted. 
Figure 6 previously showed  the total energy delivered every month per site. Irrespective of new 
sites added each month, the graph shows that the energy drawn from the network has been 
growing whilst figure 7 showed the average energy deliver by an RCN charger was 625kWHr per 
month (with many considerably higher) that can be used as a basis for likely levels of use in the near 
future when considering a business case. 
Extrapolating this - If the deployment of a rapid charge network is to be shown to be a viable option 
for supporting EV uptake and use, then it must be shown that that it is both appropriately situated 
and that the individual charge points show adequate use. Figure11 shows that the majority of charge 
points’ usage is currently below 400 kWh per month, with only a few delivering more than 1000kWh 
per month. 
 
 Figure 11: The distribution of power usage within the RCN sites 
 
To understand the feasibility of possible future RCN sites or to look at the historic pattern of usage 
within current sites it is necessary to generate an idea of exactly what level of RCN usage could be 
expected.  
Answering this question could be achieved in one of two ways, either a mathematical model (based 
on the number of EVs in the area etc.) could be created and the real world data compared to the 
theoretical result or the real world data could be used to create a statistical model for charge point 
usage and each individual point compared to the predicted result. 
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Figure 12: The relative density of EVs and the usage rates of the RCN points.  
 
In figure 12 the current usage rates of the RCN sites are shown in comparison to the levels of EV 
ownership within the local area. In general it would be expected that this would be related to the 
level of EV ownership within the local area. However, it is likely that there are additional factors 
which could influence the usage of RCN sites. For example, the total level of traffic would likely be 
correlated with the demand for a refuelling system, and hence, the usage of an RCN site.  The 
business model built for RCN now allowed us to test different profitability measures under different 
pricing structures. Figure 13 is an example of the output under two different scenarios. As a 
summary (and for our modelling assumptions): 
Scenario 1 - If an investor charged for the service provided in such a way that the price was 3 times 
the electricity purchase price, they would break even after 13 years. The internal rate of return (IRR) 
for the 15 year investment would be 10.1%. 
Scenario 2 - If the investor charged £6 every time somebody used the facility, they would break even 
in 11 years with a higher IRR of 13.5%. 
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Figure 13. Business feasibility for two different pricing scenarios. 
Additional wider economic impact benefits as well as scenarios for revenue generation from a 
retailer perspective can be added to our model. Any further revenue streams would only add value 
to the investment and, hence, improve the profitability of the investment. 
5 CONCLUSIONS 
There is a strong relationship between high EV usage (monthly distance travelled) and high use of 
the rapid charging infrastructure.  
High use sites have also been identified where additional chargers may be installed to meet demand 
at peak times, and allow for future growth. 
Qualitative research indicates that satisfaction with the EV is influenced by the availability of rapid 
chargers. 68% of RCN respondents indicated that they would not have bought the EV without rapid 
chargers available. The availability of rapid chargers affects the use of EV as the primary car, makes 
EV drivers likely to travel more often and increases the likelihood of them choosing an EV as their 
next car. 
65% of drivers surveyed would be willing to pay for rapid charging services and most would prefer to 
pay per charge based on the energy used, rather than by time or fixed fee. 
Using reasonably conservative demand growth assumptions, there is a basic business case for 
investment over a 10 to 15 year period.  However feedback from EV drivers suggests they would be 
unwilling to pay the level of fees required. Further work is being conducted to assess the impact of 
the many variables to this model. 
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